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Introduction: Symptomatic thoracic stenosis is an uncommon disease in contrast to cervical and lumbar
stenosis. It has been reported that ossiﬁcation of ligamentum ﬂavum (OLF) is the most common cause of
thoracic myelopathy in our locality.
Materials and methods: All patients with symptomatic thoracic spinal stenosis secondary to OLF who
underwent operative treatment in our institution between January 1999 and December 2013 were
retrospectively reviewed for demographic data, causes, complications and surgical outcomes.
Results: Twenty-six patients who underwent surgical treatment for symptomatic OLF were followed up
for an average period of 71.3 months. All patients received decompression with concomitant instru-
mented fusion in 2 patients (7.7%). In our series, we had 2 cases (7.7%) of early post-operative neuro-
logical deterioration secondary to haematoma formation. Four cases (15.4%) were complicated with
cerebrospinal ﬂuid leakage. Operative outcome was reported in Frankel classiﬁcation and modiﬁed
Japanese Orthopedic Association (JOA) scale for thoracic myelopathy. After operation, 8 patients (30.8%)
showed improvement in their Frankel grade, while 16 patients (61.5% ) had no change and 2 patients
(7.7%) reported deterioration. Mean JOA score showed signiﬁcant improvement from 5.1 (range 2e8) to
6.9 post-operatively (range 2e11).
Discussion and conclusion: OLF is the most common cause of thoracic myelopathy in our locality. Early
accurate diagnosis and adequate surgical decompression are important for favourable outcomes despite
operative difﬁculties and possible complications.
中 文 摘 要
簡介: 相對於頸椎和腰椎管狹窄症,胸椎管狹窄是罕見的疾病。以前的研究指出,黃韌帶的骨化 (ossiﬁcation of
ligamentum ﬂavum, OLF) 是在本地引致胸椎脊髓病的最常見原因。
材料和方法: 我們回顧了從 1999年 1月和 2013年 12月間,因黃韌帶骨化引致胸椎管狹窄症而在本院接受手
術治療的病人。我們回顧分析了病人資料數據,術後併發症和手術結果。
結果: 共有 26 位病人接受手術治療,平均隨訪週期為 71.3 個月。所有病人均接受減壓手術,當中有 2 例 (7.7%)
伴隨脊椎融合和內固定。在我們的病人中,有 2 例出現術後血腫形成引致早期神經功能惡化 (7.7%), 有 4
例 (15.4%)出現腦脊液漏出。手術結果以 Frankel分級和修訂版日本骨科協會分數 (JOA)來作評定。手術後, 8
例 (30.8%) Frankel分級有所改善, 16例 (61.5%)無明顯變化, 2例 (7.7%)有所惡化。平均 JOA分數有著顯著的
改善,從術前 5.1 分 (範圍 2-8 分) 升至術後 6.9 分 (範圍 2-11 分)。
討論和結論: 黃韌帶的骨化是在本地引致胸椎脊髓病的最常見原因。儘管技術困難和可能出現的併發症,早期
準確診斷和適當的手術減壓對取得良好結果是非常重要的。tionand theHongKong College ofOrthop
-nc-nd/4.0/).aedic Surgeons. Publishedby Elsevier (Singapore) Pte Ltd. This is an openaccess articleunder the
Figure 2. Fused-type ossiﬁcation of ligamentum ﬂavum (OLF).
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Symptomatic thoracic stenosis is uncommon in contrast to
cervical and lumbar stenosis. Ossiﬁcation of ligamentum ﬂavum
(OLF) is the most common cause of thoracic myelopathy in our
locality. Complexity of symptomatology often leads to delay in
diagnosis and subsequent treatment.1,2 Surgical decompression is
recommended for thoracic myelopathy.3e8 Despite good posterior
decompression of thoracic myelopathy, recovery rate varies widely
from 25% to 100%.4,9 The purpose of this retrospective review is to
assess the clinical features and surgical outcomes of thoracic
myelopathy secondary to OLF through a review of the available
literature and to integrate a perspective of management in our
institution.
Methods
Patients
The records of all patients with symptomatic thoracic spinal
stenosis secondary to OLF who underwent operative treatment in
our institution between January 1999 and December 2013 were
retrospectively reviewed. Patients with thoracic stenosis secondary
to infection, haemorrhage, tumour, or trauma were excluded. Pa-
tients with OLF with symptom onset after trauma were also
excluded. Diagnosis of thoracic myelopathy was established on
clinical symptoms, physical examination, and imaging studies.
Relevant clinical features included tightness around the trunk,
numbness and sensory deﬁcitis in the lower extremities, weakness
in the lower extremities, altered proprioceptive sensation,2,10 gait
disturbance, and sphincter dysfunction. Other positive physical
examinations consisted of increased lower extremities muscle tone
and deep tendon reﬂexes, and presence of pathological reﬂexes.
Plain radiographs of the thoracic spine were performed to rule out
fractures. Computer tomography was arranged to conﬁrm the
presence of OLF and the type of OLF (Figures 1 and 2), and to look
for ossiﬁcation of dura. Magnetic resonance imaging was used to
detect signal changes in the spinal cord. Other clinical factors were
also reported, such as sex, age, number of levels involved, and other
combined spinal disorders.
Preoperative clinical evaluation
The preoperative duration between the onset of symptoms and
time of surgery was determined from medical records. PatientsFigure 1. Nonfused-type ossiﬁcation of ligamentum ﬂavum (OLF).were divided among the following groups: (1) duration of < 6
months; (2) from 6months to 1 year; (3) from 13months to 2 years;
and (4) > 2 years. The neurological status was assessed by an in-
dependent observer with the Frankel classiﬁcation (Table 1) and
modiﬁed Japanese Orthopaedic Association (JOA) scale for thoracic
myelopathy (Table 2). The maximum JOA score of 11 indicated
normal function.
Surgical approaches and outcomes
Information on levels of involvement, surgical procedures and
complications, postoperative Frankel classiﬁcation and JOA score,
and history of additional spinal surgeries were extracted from
medical and operative records. The levels included in decompres-
sion correspond to signal changes on magnetic resonance imaging.
Decompression was performed in all patients by the same team of
experienced spine surgeons. Concomitant posterior spinal instru-
mented fusion was also implemented in selected patients with the
use of transpedicular screws and longitudinal rods to restore
normal spinal alignment and maintain spinal stability. Surgical
outcomes were presented as the recovery rate calculated from the
Hirabayashi formula:
(postoperative JOA score e preoperative JOA score)/
(11 e preoperative JOA score)  100 (1)Table 1
Frankel classiﬁcation
Grade A Complete neurological injurydno motor or sensory function
clinically detected below the level of the injury
Grade B Preserved sensation onlydno motor function clinically detected
below the level of the injury; sensory function remains below
the level of the injury but may include only partial function
Grade C Preserved motor nonfunctionaldsome motor function
observed below the level of the injury, but is of no practical
use to the patient
Grade D Preserved motor functionduseful motor function below the
level of the injury; patient can move lower limbs & walk with or
without aid, but does not have a normal gait or strength in
all motor groups
Grade E Normal motordno clinically detected abnormality in motor
or sensory function with normal sphincter function; abnormal
reﬂexes, & subjective sensory abnormalities may be present
Table 2
Modiﬁed Japanese Orthopaedic Association (JOA) scale for thoracic myelopathy
Score Description
Lower limb motor dysfunction
0 Unable to walk
1 Able to walk on ﬂat ﬂoor with walking aid
2 Able to walk up &/or down stairs with handrail
3 Lack of stability & smooth reciprocation of gait
4 No dysfunction
Lower limb sensory deﬁcit
0 Severe sensory loss or pain
1 Mild sensory loss
2 No deﬁcit
Trunk sensory deﬁcit
0 Severe sensory loss or pain
1 Mild sensory loss
2 No deﬁcit
Sphincter dysfunction
0 Unable to void
1 Marked difﬁculty in micturition
2 Minor difﬁculty in micturition
3 No dysfunction
Table 3
Preoperative symptoms in 26 patients
Symptom Patients, n (%)
Subjective weakness in lower extremities 13 (50)
Pain or sensory deﬁcit in lower extremities 23 (88.5)
Back pain 10 (38.5)
Torso tightness 4 (15.4)
Sphincter dysfunction 7 (26.9)
Gait disturbance 20 (76.9)
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Data were analysed with nonparametric tests. A p value < 0.05
was considered statistically signiﬁcant. Analysis was performed
using SPSS for Windows, version 17.0 (SPSS Inc., Chicago, IL, USA).Results
Clinical features
A total of 31 patients underwent surgery for symptomatic
thoracic stenosis secondary to OLF in our institution during the
period. Five patients were excluded because of presentation after
trauma. The remaining 26 patients (19 men and 7 women) were
included in our review. The mean age at surgery was 59.8 years inN
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Figure 3. Segmental distribution of thoracic stenosis.men (range, 45e84 years) and 57.7 years in women (range, 50e73
years); 84.6% of these patients were older than 50 years. Fifty
percent of patients presented with < 6 months of symptoms; those
who presented symptoms from 6 months to 1 year accounted for
19.2%; from 1 year to 2 years, 11.5%; and > 2 years, 19.2%. Preop-
erative symptoms were variable (Table 3). Five patients had diffuse
idiopathic skeletal hyperostosis. Four patients had undergone
previous cervical surgery, and three patients had undergone pre-
vious lumbar surgery.
Radiographic analysis
The mean number of involved levels was 1.7 (range, 1e5).
Thirteen patients (50%) had single-level involvement, two levels
were involved in nine patients (34.6%), three levels were involved
in three patients (11.5%), and ﬁve levels were involved in one pa-
tient (3.8%). Twenty patients had nonfused-type OLF, whereas
fused-type OLF was found in six patients. Of the total 45 ossiﬁed
levels, the most commonly involved levels were T10/T11 (31.1%),
T9/T10 (20%), and T11/T12 (15.6%) (Figure 3). Among these 26 pa-
tients, two patients had concomitant protruded thoracic interver-
tebral disc (7.7%), two patients had concomitant ossiﬁed posterior
longitudinal ligament (OPLL; 7.7%), and one patient had concomi-
tant posterior marginal bone spur (3.8%).
Neurological assessment and surgical outcomes
Neurological status was scored prior to the surgery, regularly
postoperatively, and at the most recent follow-up examination.
Twenty-two patients had Frankel grade D preoperatively and four
patients Frankel grade C. Five patients (19.2%) had mild myelopathy
(JOA score, 7); 17 patients (65.4%) hadmoderate myelopathy (JOA
score, 4e6), whereas four patients (15.4%) had severe myelopathy
(JOA,  3). The mean preoperative JOA score was 5.1 (range, 2e8;
Table 4).
Of the six patients with OLF fused in the midline, ﬁve (83.3%)
were noted to have dural adhesion intraoperatively. Among the 20
patients with nonfused type of OLF, only six patients (30%) had
dural adhesion.
All patients received decompression via the posterior approach
(Table 5). Level identiﬁcation was performed with a metal marker
inserted into the spinous process under an image intensiﬁer. A
midline longitudinal approach was adopted. Laminectomy was
performed after adhesion freed from the dural sac (Figures 4e7).
Four patients had OLF beyond surgical separation, so we opted for
ﬂoatation of OLF. None had artiﬁcial dura inserted.Table 4
Summary of preoperative JOA score relative to various factors*
Factors No. of patients JOA score (range)
Sex
Male 19 5.1 (2e8)
Female 7 4.9 (3e7)
Age
50 y 4 5.1 (3e6)
>50 y 22 5.1 (2e8)
Preoperative duration of symptoms
<6 mo 13 5.2 (3e7)
6 moe1 y 5 5.0 (2e7)
13 moe2 y 3 5.7 (5e8)
>2 y 5 5.3 (5e7)
Type of OLF
Nonfused 20 5.2 (2e8)
Fused 6 5.0 (3e7)
JOA ¼ Japanese Orthopaedic Association; OLF ¼ ossiﬁcation of ligamentum ﬂavum.
* None of the subgroup demonstrated statistically signiﬁcant difference.
Table 5
Surgical interventions
Procedure No. of patients
Laminectomy 17
Fenestration 7
Laminectomy þ instrumented posterior spinal fusion 1
Laminectomy þ partial discectomy þ instrumented
posterior spinal fusion
1
Figure 6. Creation of a midline trough aids dissection of the dura from the ossiﬁcation
of ligamentum ﬂavum (OLF) because the undersurface of the OLF can be more easily
approached.
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patient with combined prolapsed intervertebral disc and OLF at
T10/T11 received laminectomy and T10 transpedicular approach for
partial discectomy. He received supplementary instrumented pos-
terior spinal fusion from T10 to T12. The other patient with com-
bined OLF and OPLL at T3/4, T4/5 underwent T3 to T5 laminectomy
with T1 to T7 posterior instrumented fusion. This was based on
previous experience of worse outcome of decompression alone in
combined OLF and OPLL.11e13
The mean follow-up period was 71.3 months (range, 11e188
months). The surgical outcomes were maintained throughout the
follow-up period except for the cases mentioned in the following
section. Two patients (7.7%) were observed to have deterioration in
Frankel grade, whereas eight patients (30.8%) showed improve-
ment. The mean JOA score at the latest follow-up was 6.9 (range,
2e11), which demonstrated a statistically signiﬁcant improvement
(Table 6). The recovery rate was 24.4% (range, from e50% to 100%).
A negative recovery rate was noted in ﬁve patients (19.2%), and a
recovery rate of > 50% was observed in six patients (23.1%).Figure 4. In the majority of cases, the dura is not adhered to the ossiﬁcation of liga-
mentum ﬂavum (OLF) in the midline. Therefore, decompressive laminectomy is started
with creating a midline trough.
Figure 5. Decompressive laminectomy proceeds with creation of lateral trough.Complications and additional surgical interventions
Two patients (7.7%) suffered from early postoperative neuro-
logical deterioration secondary to epidural haematoma formation
that required urgent surgical evacuation of haematoma. One of
these patients, who was taking aspirin for history of ischaemic
heart disease, underwent laminectomy for T7/T8 fused-type OLF.
The intraoperative ﬁndings of exploration included epidural hae-
matoma at the laminectomy site with generalised oozing in the
epidural space and no single bleeder identiﬁed. On the latest
follow-up, the patient’s condition improved from preoperative
Frankel grade C and JOA score of 3 to Frankel grade D and JOA score
of 6 postoperatively. The other patient underwent fenestration for
T9/T10 nonfused-type OLF. The intraoperative ﬁndings included
epidural haematoma over T7eT10 with inadequate decompression
at T9/T10 and oozing from the surrounding soft tissue. RecurrentFigure 7. The correct way in lifting the ossiﬁcation of ligamentum ﬂavum (OLF) during
attempt to free adhesion from the undersurface of the OLF.
Table 6
Summary of postoperative JOA score relative to various factors*
Factors JOA score (range) Recovery rate,
% (range)
Sex
Male 6.7 (2e11) 21.0 (e50 to 100)
Female 7 (4e10) 27.5 (e25 to 86)
Age
50 y 6.9 (2e11) 35.6 (e50 to 100)
>50 y 6.9 (4e10) 23.6 (e50 to 86)
Preoperative duration of symptoms
<6 mo 6.8 (4e10) 21.8 (e20 to 80)
6 moe1 y 6.8 (4e10) 24.4 (e25 to 86)
13 moe2 y 5.9 (2e9) 0.6 (e25 to 33)
>2 y 6.6 (5e11) 19.1 (e50 to 100)
Type of OLF
Nonfused 6.9 (2e11) 26.5 (e50 to 100)
Fused 6.7 (4e8) 26.6 (0e57)
JOA ¼ Japanese Orthopaedic Association; OLF ¼ ossiﬁcation of ligamentum ﬂavum.
* None of the subgroup demonstrated statistically signiﬁcant difference.
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evacuation was performed. The patient deteriorated from Frankel
grade C and JOA score of 5 to Frankel grade B and JOA score of 2,
based on the latest assessment.
Four patients (15.4%) were complicated with intraoperative
dural tear, which was primarily repaired with the water-tight
technique. All leakages healed without major sequelae. Two pa-
tients were associated with fused-type OLF. There were no hard-
ware complications of instrumentations or any postoperative
infection.
Five patients (19.2%) underwent additional surgeries for coex-
isting spinal disorders. One patient underwent laminoplasty for
cervical myelopathy at the same setting, and one patient under-
went cervical laminoplasty at a later date. Two patients underwent
lumbar decompression at the same operation. One patient under-
went a subsequent surgery for OLF-related myelopathy at a
different thoracic level.
One patient (3.8%) progressively deteriorated from post-
operative Frankel grade D to Frankel grade C in the latest assess-
ment. His ambulation was limited by signiﬁcant osteoarthrosis of
the bilateral knee, for which he refused any operative intervention.
Discussion
Degenerative spinal stenosis in the thoracic region is much less
commonly encountered than in the cervical and lumbar spine. The
contributing factors include OLF, OPLL, prolapsed intervertebral
disc, and posterior marginal spur. Coexisting spinal disorders in the
cervical or lumbar spine may also be present. It has been reported
that OLF is the most common cause of thoracic myelopathy in our
locality.14e16 OLF was ﬁrst described in the late 1920s.17 It is more
prevalent in Asians and reported mainly in Japanese patients.1,3,15,16
The overall prevalence of OLF within the southern Chinese popu-
lation is 3.8%.18 Within the thoracic spine, OLF is commonly found
in the middle and lower thoracic regions.
Diagnosis of thoracic myelopathy tends to be delayed because of
its complex neurological manifestations and rarity.2 Increased
lower extremities muscle tone and deep tendon reﬂexes, and
presence of pathological reﬂexes indicate myelopathy. However,
these are more frequently recognised in, and associated with, cer-
vical myelopathy. Weakness, pain, or sensory deﬁcit in lower ex-
tremities and sphincter dysfunction sometimes mimic lumbar
disorders. As a result, the neurological manifestations from thoracic
myelopathy are sometimes misdiagnosed as cervical or lumbar
disorders. Altered sensations of light touch, pain, temperature,vibration, and proprioception correspond to the dysfunction of the
spinal cord tracts. Proprioception is one way to examine the deep
senses that are carried in the dorsal column in the spinal cord. Thus,
inability to detect joint position in space reﬂects dysfunction of the
dorsal column. OLF is in the posterior part of the spinal canal;
consequently, it may easily cause dorsal column dysfunction. Pro-
prioception is important as altered joint position sensation causes
gait disturbance. It sometimes also gives the wrong impression of
subjective weakness in the lower extremities when normal muscle
strength is elicited in physical examination. Therefore, impairment
of proprioception in the big toe may be an important sign in the
diagnosis of thoracic myelopathy. Takenaka et al2 reported symp-
toms speciﬁc to anatomical pathology or compressed segments in
thoracic myelopathy. These may also aid in diagnosis and initial
investigations.
Misdiagnosis inevitably leads to a prolonged preoperative dis-
ease duration, which can cause irreversible neurological damage
and unnecessary surgical procedures. Half of our patients were
diagnosed within 6 months. Various studies demonstrated that
preoperative JOA score and preoperative duration of symptoms
were important predictors for the clinical outcome.14,19e21 How-
ever, we could not reproduce such correlation in our series. This
could be attributable to our small sample size or initial inaccurate
diagnosis.
Conservative management has been demonstrated ineffective
for symptomatic patients.4 Decompression has proven effective in
the treatment of thoracic OLF.5,7,8,20 Patients with a shorter pre-
operative duration of symptoms experienced signiﬁcantly better
neurological outcomes.14,19e21 This emphasises the importance of
early diagnosis and prompt surgical decompression in thoracic
myelopathy.
However, surgical intervention is not without challenges. In
view of frequent dural adhesions to the OLF, dural tears are not
uncommon,5,22 particularly in cases where the dura mater is ossi-
ﬁed. Computer tomography can deﬁne the contour of the OLF and
demonstrate ossiﬁcation of dura mater. Several attempts have been
made in classiﬁcation of morphology of OLF. Sato et al23 proposed
to classify OLF into ﬁve types: lateral type, extended type, enlarged
type, fused type, and tuberous type. Kuh et al24 introduced the beak
and round type classiﬁcation. We classiﬁed OLF depending on
whether it is fused in the midline. We noticed a higher rate of dural
adhesion for the fused type (83%) comparedwith the nonfused type
(30%) in our series. This could signify higher chances of intra-
operative dural tear. We reported four cases of dural tear, wherein
three occurred with dural adhesion noted, and two of which have
fused-type OLF. We adopted the ﬂoatation technique for those with
dense adhesion deemed inseparable.
Another postoperative complication is epidural haematoma,
whichdalthough raredcould lead to devastating neurological
consequences. Two patients in our series had early neurological
deterioration because of such complications and required explo-
rationwith surgical evacuation. One of themwas on aspirin prior to
the operation. Nevertheless, the source of bleeding accounting for
the postoperative haematoma was never ascertained. Awad et al25
identiﬁed signiﬁcant risk factors. Preoperative risk factors include
age of > 60 years, use of nonsteroidal anti-inﬂammatory drugs, and
Rh-positive blood type. The intraoperative risk factors include
multilevel surgery, haemoglobin level of < 10 g/dL, and blood loss of
> 1 L. The postoperative risk factor includes an international nor-
malised ratio of > 2.0 within the ﬁrst 48 hours.
Neurological deﬁcits usually persist even after successful
decompression.5,6 The compromised spinal cord at the site of
compression is vulnerable to further damage during surgery.
Possible causes include greater spinal cord/spinal canal ratio and
the “watershed zone” because of poor blood supply. Multiple
E. Wen et al. / Journal of Orthopaedics, Trauma and Rehabilitation 21 (2016) 24e29 29prognostic factors, including duration of symptoms, deep tendon
reﬂexes, cord signal changes, type of OLF, and preoperative
neurological status, have been evaluated. This further reinforces the
importance of early diagnosis and treatment to prevent further
neurological deterioration and improve functional outcomes.
Conclusion
OLF is the most common cause of thoracic myelopathy in our
locality. Early accurate diagnosis and adequate surgical decom-
pression are essential for favourable outcomes despite operative
difﬁculties and possible complications.
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